Abstract Fibromyalgia syndrome, a chronic condition typically characterized by widespread pain, nonrestorative sleep, fatigue, cognitive dysfunction, and other somatic symptoms, negatively impacts physical and emotional function and reduces quality of life. Exercise is commonly recommended in the management of people with fibromyalgia, and interest in examining exercise benefits for those with the syndrome has grown substantially over the past 25 years. Research supports aerobic and strength training to improve physical fitness and function, reduce fibromyalgia symptoms, and improve quality of life. However, other forms of exercise (e.g., tai chi, yoga, Nordic walking, vibration techniques) and lifestyle physical activity also have been investigated to determine their effects. This paper highlights findings from recent randomized controlled trials and reviews of exercise for people with fibromyalgia, and includes information regarding factors that influence response and adherence to exercise to assist clinicians with exercise and physical activity prescription decision-making to optimize health and well-being.
Introduction
Fibromyalgia is a common chronic condition involving widespread pain, cognitive symptoms, nonrestorative sleep, fatigue, and a number of somatic symptoms [1] , along with a reduced quality of life [2] . The prevalence of fibromyalgia in the United States is about 2% (95% CI, 1.4-2.7), or nearly 5 million people. Prevalence is higher among women (3.4%) than men (0.5%), rises in middle age, and peaks at 7.4% among those 70 to 79 years old [3] . Compared with age-matched control patients, women with fibromyalgia are less physically active as measured with accelerometers [4] , have significantly lower perceived functional ability [5] , and demonstrate impaired physical performance [5] . In contrast, a recent report found that about 2% of competitive-sport players have fibromyalgia [6] , suggesting that persons with this condition can be very active. While regular exercise is one of the cornerstones of management of fibromyalgia, there still are many questions to resolve. For example, it is important to determine the most effective type of exercise (aerobic, strength, flexibility, or other); the intensity, duration, and frequency that should be prescribed; and the incidence and type of any related adverse effects. Interest in answering these questions is strong and the literature on this topic is growing steadily.
Exercise is defined as "planned, structured, and repetitive bodily movements that are performed to improve or maintain one or more components of physical fitness" [7] . Exercise is a subset of physical activity; the latter usually implies bodily movement with less structure and planning, but in the context of this review, refers to repetitive programs aimed at improving function and possibly improving some component of physical fitness. Several exercise studies over the past three decades demonstrated that persons with fibromyalgia are able to engage in moderate and even vigorous exercise; however, in many studies, participants experienced difficulties performing and adhering to vigorous and even moderate-intensity regimens because of increased fibromyalgia symptoms [8••] . This paper reviews the effects of exercise and physical activity for individuals with fibromyalgia, summarizing recent reviews and describing new advances in research related to progressive exercise regimens (aerobic, strengthening, and flexibility interventions), more general lifestyle physical activity programs (i.e., self-selected, self-paced programs), and other forms of physical activity newly applied to fibromyalgia (e.g., tai chi, yoga, Pilates, and Nordic walking).
Methods
We examined all relevant reviews published from 2007 to 2011 to form a base for this paper. We then examined recent primary research studies retrieved using a keyword search (terms "exercise" and "fibromyalgia") of PubMed and Sport Discus between Jan 1, 2009 and Mar 1, 2011. Methodological quality of randomized controlled trials (RCTs) was evaluated by single reviewers using the Physiotherapy Evidence Database (PEDro; 10 items) [9] . Systematic reviews were rated for quality using the AMSTAR (assessment of multiple systematic reviews) scale (11 items) [10] . Scores are provided in Tables 1 and 2 .
Benefits of Exercise
Since the first RCT examining the effects of exercise training for fibromyalgia was published in 1988 [11] , growth in the body of literature has accelerated. In addition to growth in the number of RCTs, there is a trend toward increased sample size and improved methodological quality. Many forms of exercise training have been studied through high-quality RCTs, including aquatic and land-based exercise regimes involving aerobic, strength, flexibility, and mixed format exercise interventions. In addition to the growth in RCTs, there also has been growth in the number of review articles, with at least nine reviews published in the past 3 years.
Among several recent reviews summarizing the effects of exercise for fibromyalgia (see Table 1 ), three recent systematic reviews [8••, 12, 13 ••] have included metaanalyses of RCTs. In these reviews, aerobic exercise interventions were shown to reduce pain, fatigue, and depression and to improve health-related quality of life (HRQOL) and physical fitness [13••] . In Table 3 , Cohen's rating system was used to summarize the magnitude of effect (effect size) for aerobic, strength, mixed, and aquatic exercise interventions. Strength training was associated with large improvements in global well-being and physical function, and mixed exercise training (combination of aerobic and/or strength and/or flexibility exercises) was shown to produce large improvements in pain and physical function [8••] . These reviews indicate that positive effects can be achieved with aquatic exercise [8••, 13 ••], but Hauser et al. [13••] suggested that aquatic aerobic exercise may not be superior to land-based aerobic exercise. Kelley et al. [12] performed a meta-analysis on the effects of exercise (aerobic, strength, or combined aerobic and strength exercise) on global well-being in individuals with fibromyalgia and found a small, statistically significant effect in favor of exercise. When evaluating the benefits of exercise for people with fibromyalgia, it is important to consider possible adverse effects of exercise, such as an increase in symptoms (e.g., pain, stiffness, and fatigue) and musculoskeletal problems (e.g., plantar fasciitis, impingement syndrome). While adverse events have not been consistently reported, they are not uncommon [8••] and may be associated with high drop-out rates in RCTs. As documented in a recent review [8••] , the average drop-out rate among participants assigned to aerobic exercise groups (22%) is higher (P<0.05) than that of participants assigned to untreated control groups (10%).
Clinically, exercise most often is delivered in conjunction with other treatments designed to manage symptoms in people with fibromyalgia, including medications, selfmanagement education programs, stress-management strategies, relaxation training, and electromyographic biofeed- Rooks et al. [55] Techniques to increase physical activity and exercise Results of primary intervention studies of exercise for people with fibromyalgia published in the past 3 years (see Table 2 ) are consistent with the earlier studies described in the most current meta-analyses:1) aerobic training improves peak oxygen uptake and decreases pain intensity and fatigue [14] ; 2) strength training reduces severity of fibromyalgia symptoms [15] ; 3) aquatic exercise is associated with improvements in pain [16, 17] , HRQOL [16] , physical function [16] , muscle strength [17] , emotional and mental health [17] , and vitality [17] ; and 4) multidisciplinary programs (pool and land-based exercise and psychoeducational sessions) improve tenderness severity [18] and lower body flexibility, but not physical fitness [19] . Consistent with the few studies that have examined the effects of flexibility exercise [8••] , one recent study by Calandre et al. [20] comparing the effects of pool-based stretching and ai chi (water-based tai chi) found improvements in symptoms in the ai chi group; however, there were no significant betweengroup differences. A recent study using medical imaging provided confirmation that increased physical activity has a positive effect on pain perception in women with fibromyalgia. McLoughlin et al. [21] demonstrated that higher levels of self-reported and accelerometer-monitored physical activity in women with fibromyalgia were associated with decreases in pain ratings and "greater responses in pain regulatory brain regions while receiving painful stimuli."
Exercise Interventions Newly Applied in Fibromyalgia
Recently, researchers have begun to explore the effects of a wide range of exercise techniques that extend beyond more conventional exercise training modes (e.g., low-impact aerobic training and strength training). Some of the interventions being explored are modeled on longhonored holistic approaches used in China and other Asian countries (e.g., tai chi, chi gong, and yoga) or Nordic countries (e.g., Nordic walking); some arise from technologies newly applied to exercise (e.g., vibration); and others represent rethinking the prescriptive approach to physical activity (e.g., lifestyle physical activity).
Tai Chi, Yoga, Breathing Exercises, and Pilates Mind-body forms of exercise (e.g., tai chi, yoga, and Pilates) are considered holistic, encompassing physical, psychosocial, emotional, spiritual, and behavioral elements, which may be especially beneficial for those with fibromyalgia. Wang et al. [22] recently reported the results of an RCT of twice weekly tai chi sessions, delivered for 12 weeks, for men and women with fibromyalgia (n=66). In this study, tai chi sessions included a warm-up and selfmassage, a review of tai chi principles, and practice with tai chi movements, breathing techniques, and relaxation. The effects of a yoga program including traditional yoga poses, meditation and breathing exercises, yoga-based coping presentations, and group discussions recently were reported [23] . In the yoga group, 22 women attended weekly supervised 120-min yoga sessions and were encouraged to practice yoga at home five to seven times per week for 8 weeks. On retesting, the intervention participants showed improvements in standardized measures of a wide range of fibromyalgia symptoms and functional deficits. Ide et al. [24] 
Significant improvements were demonstrated on a number of SF-36 and FIQ components, as well as global pain rating and dyspnea scores.
Pilates recently has become a fast-growing popular form of exercise recommended for healthy individuals and for those engaged in rehabilitation. Pilates exercises emphasize core strengthening, posture, and coordination of breathing with movement, combining Asian and Western techniques. In 2009, Altan et al. [25] investigated the effects of Pilates training in 49 women with fibromyalgia (ages 24-63 year). They demonstrated improvements in pain visual analogue scale scores and FIQ results compared to control participants who performed home-based relaxation and stretching exercises. However, after an additional 12 weeks of follow-up, there were no differences between the groups.
Taken together, these studies highlight that a more mindbody integrative approach may be beneficial for people with fibromyalgia. Study results are promising, and further research comparing mind-body techniques to more conventional exercise approaches are needed.
Vibration and Nordic Walking
Whole-body vibration represents a relatively new exercise alternative for people with fibromyalgia. Gusi et al. [26] reported that after 12 weeks, women with fibromyalgia who performed squats while standing on a vibration platform (six partial squats held 45-60 s, three times per week; vibration parameters: 12.5 Hz, vertical amplitude 3 mm) demonstrated improvements in dynamic balance, as assessed on the Biodex Balance System (Biodex Medical Systems, inc., Shirley, NY), that were not seen in control patients who maintained usual daily activities. Another group of researchers also recently investigated the effects of vibration, comparing results in 30 postmenopausal women with fibromyalgia randomly assigned to a combined exercise/vibration program (aerobic, strengthening, and flexibility exercises twice weekly, plus training consisting of unilateral static squats performed on a vibration platform three times weekly) or a traditional exercise program (aerobic, strengthening, and flexibility exercises twice weekly) [19] . Both exercise groups demonstrated improvements in FIQ scores and lower extremity maximal power output; however, the group that completed vibration training also demonstrated improvements in the SF-36 global score, suggesting whole-body vibration may impart additional benefits when combined with traditional mixed exercise programs.
Mannerkorpi et al. [27] investigated tolerance to moderate to high-intensity outdoor Nordic walking (walking with poles) in women with fibromyalgia to determine whether functional capacity and pain improved. They found that this form of walking, which places increased demands on the upper body, was generally well tolerated among those who completed the 45-min training sessions twice weekly for 15 weeks (29 of 34 women). Nordic walkers demonstrated significant improvements in the 6-min walk test and FIQ physical scores, as well as reduced heart rates at similar workloads during submaximal cycle ergometer tests compared to women in the control group who exhibited no changes with a low-intensity outdoor walking program.
Lifestyle Physical Activity
Recent work by McLoughlin et al. [4] indicates that most women with fibromyalgia are less physically active than age-matched healthy women. Although exercise is recommended, symptoms often make it difficult for individuals with fibromyalgia to exercise consistently enough to derive benefits. To address this deficit, Fontaine et al. [28] attempted to improve exercise adherence by encouraging increased home-based daily physical activity versus attendance at fibromyalgia education sessions. In this 12-week trial, individuals randomly assigned to the lifestyle physical activity group increased their average daily pedometer step count by 54% and reported improved fibromyalgia symptoms (FIQ total score) and lower pain levels compared to the education group. Participants who completed 73% of the sessions in the 12-week trial then were followed 6 and 12 months after the intervention [29] . At both follow-up assessments, changes in physical activity (steps per day), function, and pain were not maintained participant in the lifestyle physical activity group; however, participants reported greater perceived improvement.
While it is encouraging to see that programs that promote increased physical activity in daily life can produce clinically relevant changes, additional research should focus on supports to maintain increased activity levels and/or the benefits of increasing lifestyle physical activity for improving tolerance in subsequent formal exercise programs.
Focus on Cognitive Function
A broad spectrum of outcome measures has been used in research to explore the effects of exercise for fibromyalgia [8••] . Outcomes have been measured for such variables as pain, tenderness, sleep, mental and physical health, physical fitness, and quality of life. Recently, Wolfe et al. [1] drew attention to the importance of cognitive symptoms in fibromyalgia. These cognitive symptoms, which are sometimes collectively referred to as fibrofog [30] , often are described as among the most debilitating symptoms of the condition. However, researchers only recently have examined the effects of physical activity or exercise on fibrofog, mental health, emotional health, and other cognitive performance outcomes. Etnier et al. [31] reported no significant improvements in cognitive ability, memory, attention, and executive function in women with fibromyalgia who completed 1-h exercise sessions (walking, light resistance exercises, static bridging, and stretching) three times per week. While it should be noted that the study was underpowered (n = 16), effect sizes suggest positive effects of exercise on 5 of 7 cognitive performance measures and indicate that further research in this area may be warranted.
Factors Affecting Response to Exercise
The population of individuals with fibromyalgia is diverse with respect to symptoms (variety, severity, and duration), physical fitness levels, psychological characteristics, and preferences for type of exercise and physical activity [16, [32] [33] [34] , [35•, 36•] . Recent research has shown that many of the key features of the condition are interrelated. For example, greater levels of fibromyalgia symptoms are associated with lower levels of aerobic fitness [34] , and newly diagnosed individuals have higher levels of psychological distress regarding their fibromyalgia [35•] . Researchers have suggested that exercise effectiveness may depend upon these specific characteristics [16, [32] [33] [34] 37] and recommend customizing exercise programs based on variables other than or related to fitness characteristics [16, 32-34, 35•, 36•] . For example, in a recent RCT, the intervention (exercise and cognitive behavioral therapy) was individually tailored according to psychological risk factors (pain-persistence and pain-avoidance patterns) [35•] . Significant improvements in pain, function, mood, anxiety, and HRQOL were observed in the intervention group.
Advice for Clinicians and Consumers
The goals of physical activity and exercise training are to improve physical fitness and function, reduce fibromyalgia symptoms, and optimize overall health and well-being. Because sedentary lifestyles [4] and the general deconditioning associated with fibromyalgia may place this population at increased risk for a number of chronic diseases [8••] , optimizing overall health and well-being is particularly important. Furthermore, improved physical fitness permits daily activities to be performed at a lower percentage of maximum capacity and possibly more efficiently, with less likelihood of increasing symptoms [38••] . Additional goals depend on baseline body functions and symptom severity along with individual preferences and motivations [16, 33, 39] . Recent RCTs and literature reviews provide considerable insight into physical activity and exercise programs to help individuals with fibromyalgia achieve these goals.
To gain optimal benefits and ensure long-term adherence, care must be taken to avert exercise-related pain and fatigue and musculoskeletal injury. A recent systematic review suggests that warm water-based exercise may be superior in terms of adherence [8••] , while approaches such as tai chi [22] and lifestyle physical activities that include walking at self-selected intensity [28, 29] appear well-tolerated.
It seems there may be a narrow therapeutic window in fibromyalgia, with too little exercise failing to yield benefits and too much exercise exacerbating symptoms [38••] . While avoiding excessive workloads is important in central sensitization disorders such as fibromyalgia [8••, 33, 39, 40] , people with fibromyalgia can exercise at workloads necessary to achieve training effects and gain long-term benefits (i.e., as recommended by the American College of Sports Medicine [41] ). For example, a recent meta-analysis indicated that low to moderate-intensity, but not lowintensity, aerobic exercise reduced pain [13••] , and 29 of 34 women randomly assigned to Nordic walking in a recent RCT tolerated moderate to high-intensity aerobic exercise [27] . Several studies also have demonstrated that participants with fibromyalgia showed similar training effects as healthy control patients, with improvements in fatigue, depression, and pain in response to progressive strengthtraining exercise [42] [43] [44] .
Prescribing for Success: Lessons from Current Evidence
Successful exercise prescription for this clinical population requires finesse [38••] . The process begins with a thorough medical evaluation including cardiovascular health screening [45] and management of symptoms. Common comorbidities, sleep disturbances, autonomic dysfunction, and balance impairments should be evaluated and treated [38••] . Individual characteristics, such as physical fitness, function, and symptom severity, along with goals and personal preferences for type and setting of physical activity should be accounted for when developing programs [32, 33, 38••] .
Exercise Type
While most consistent results have been demonstrated for aerobic and strengthening exercise [8••] , there is no optimal application overall [33] . With this in mind, including different types of exercise in the same session or in different sessions is recommended [33] . While there is only limited evidence supporting flexibility exercise in the management of fibromyalgia [8••, 20] , it is common practice to include stretching as part of the exercise cooldown session [8••] . With these considerations in mind, patient preferences and available settings should guide exercise prescription. Nordic walking programs and mindbody approaches, including tai chi or yoga, also hold considerable promise and appear to be viable options.
While a recent meta-analysis indicated that aquatic aerobic exercise does not produce superior results compared to similarly intense land exercise [13••] , other reviews (that did not employ meta-analysis) suggest slight additional benefits in reducing pain and depression with water strengthening and aerobic exercise [33] and in sleep quality and mood improvement for aquatic aerobic exercise [40] . Exercising in water may be particularly valuable for severely deconditioned individuals or for those with particularly high levels of pain or distress [8••] .
Exercise Intensity
Most authors recommend a gradual progression from lowintensity exercise [38••, 40] , using the "start low and go slow" approach [38••] with the goal of achieving at least moderate intensity [8••, 38••, 46] . Strengthening programs should begin with lower resistance levels than agepredicted norms [38••] . The intensity and duration of exercise sessions should be reduced when significant postexertion pain or fatigue is experienced [32, 33, 39, 40] , and the intensity increased by 10% after 2 weeks of exercise without exacerbating symptoms [38••] .
In a recent report [46] , researchers used mathematical modeling to determine how age-predicted heart rate formula can be used for people with fibromyalgia. They also calculated target heart rate zones for aerobic training within the anaerobic threshold, a training intensity range shown to improve cardiorespiratory fitness. The researchers found that maximum heart rate could be adequately predicted using either (208 -[0.7×age]) or (220 -age) and recommended that for sedentary individuals with fibromyalgia, training within the anaerobic threshold could be achieved at 52% to 60% of the heart rate reserve or at 75% to 85% of predicted maximum heart rate.
Delivery Options
Supervised programs encouraging participants to perform short bouts of self-selected physical activity show promise as a first step in building exercise programs for sedentary individuals. Use of exercise diaries and pedometers during exercise and physical activity (techniques found effective for increasing physical activity levels in healthy populations) may help to motivate individuals with fibromyalgia [47] .
While we recommend a multidisciplinary approach for management of fibromyalgia, we also advocate exercise and physical activity prescription in conjunction with education by health care providers such as physical therapists who are in primary or monodisciplinary settings [39] . Self-management and coping strategies also may be enhanced by participation in group education programs, as recommended by several clinical practice guidelines for fibromyalgia [39] . This approach is consistent with models of care for management of chronic disease [48, 49] .
Promoting Adherence by Facilitating Self-efficacy for Exercise
Promoting self-efficacy is recommended as one of the 10 top exercise prescription principles for individuals with fibromyalgia [38••] , contributing to exercise performance and subsequent adherence to exercise and physical activity regimens. Self-efficacy involves "having, or gaining, the confidence that one can complete a task, such as regular participation in exercise (efficacy expectation)" and "… believing that completing a task results in the desired effect, such as fitness or symptom control (efficacy outcome)" [38••] . In essence, individuals must believe that they can successfully perform an activity before they even consider undertaking it.
Jones and Liptan [38• •] drew on Bandura's [50, 51] extensive work on self-efficacy. They cite Bandura [50] in describing four ways for clinicians to help individuals with fibromyalgia gain self-efficacy, including mastery, symptom reduction, modeling, and verbal persuasion. Mastery includes designing a program that is realistic and achievable, helping patients to meet their goals by "starting low, going slow" and celebrating success. Avoiding excessive workloads that lead to symptom flares and improving symptoms over the long term contributes to the second element, symptom reduction. Modeling is demonstrated when group participants who successfully perform exercise programs set a positive example for others to follow, while verbal persuasion includes assuring patients that they can achieve their physical activity and exercise goals. The latter approach can be enhanced via a trusting therapeutic relationship [38••, 52] and motivational interviewing techniques [8••] .
Future Directions for Research
Priorities for research on exercise for individuals with fibromyalgia were clearly laid out by Brachaniec et al. [53] using the EPICOT (evidence, population, intervention, comparison, outcomes, and time stamp) framework recommended by editors of the British Medical Journal [54] . Further research examining the effects of exercise and physical activity for people with fibromyalgia is needed 1) to elucidate the dose-response curve for exercise intensity, frequency, and duration on symptoms; 2) to evaluate the long-term effects on health in this population; 3) to determine how long positive effects are sustained; and 4) to determine synergistic effects of exercise and other management strategies. Continued and extensive investigation of the heterogeneity of the fibromyalgia population with regards to the short-and long-term response patterns of subpopulations to exercise/physical activity prescription may lead to new types of program customization to improve exercise adherence and optimize the benefits of exercise and physical activity.
Conclusions
The benefits of exercise training for individuals with fibromyalgia are well documented in recent high-quality reviews and meta-analyses and include reduction of pain and depression and improvement in global health and physical function. RCTs examining the effects of exercise on symptoms, function, fitness, and quality of life in fibromyalgia have grown in number and quality. Exercise options that have been investigated have recently expanded to include tai chi, chi gong and yoga, Nordic walking, vibration, and lifestyle physical activity. Research shows that persons with fibromyalgia are able to engage in moderate and even vigorous exercise; however, participants have experienced difficulties performing and adhering to vigorous and even moderate-intensity regimes because of increased fibromyalgia symptoms. Undoubtedly, successful exercise prescription requires finesse. To gain optimal benefits and ensure long-term adherence, care must be taken to avert exercise-related pain and fatigue and musculoskeletal injury. Individual characteristics such as physical fitness, function and symptom severity, goals and personal preferences should be taken in consideration when developing programs. A gradual intensity progression for deconditioned individuals with fibromyalgia toward "moderate" intensity is recommended. Although multidisciplinary management is advocated, clinicians in primary care roles ought to ensure that their clients with fibromyalgia are initiated and supported in adopting active lifestyles that include regular exercise. The fundamental questions raised in the introduction remain only partially answered, but if research on exercise for fibromyalgia continues to accumulate at the current pace, clinicians will have evidence needed to aid in designing and recommending optimal exercise programs for this population.
